A METHOD OF COATING A POROUS SUBSTRATE WITH A THERMOPLASTIC
MATERIAL FROM THE OUTSIDE OF THE SUBSTRATE

Technical Field

[0001] A method of coating a first porous substrate
with a thermoplastic material comprises the steps of: rotating
the substrate about an axis of the substrate; and applying the
material in a liguefied state onto the subsgtrate, wherein the
step of applying is performed from the outside of the substrate.
In some embodiments, the method includes coating a second porous
substrate with the thexmoplastic material. The method of
coating can include coating the substrate with a desired

quantity of material per a given length of the substrate.

Summary

[0002] | According to an aspect of the present
inventicn, there is provided a method of coating a first porous
subsirate with a thermoplastic material comprising the steps of:
rotating the substrate about an axisz of the substrate, wherein
the substrate is a pipe or a screen, and wherein the substrate
is part cf a sand control agsembly; and applying the material in
a licquefied state onto the substrate, wherein the step of
applying is performed from the outside of the substrate, wherein
the step of applying comprises applying the ligquefied material
from the outer diameter of the substrate through the porous
portion of the substrate and into the inner diameter of the
substrate.

[oo03] According to another aspect of the present
invention, there is provided a method of coating a first porous
substrate with a thermoplastic material comprising the steps of:
rotating the substrate about an axis of the substrate, wherein

the substrate is a pipe or a screen, and wherein the substrate
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is a part of a sand control assembly; and applying the material
in a liguefied state onto the substrate, wherein the step of
applying is performed from the outside of the substrate, wherein
the material coats the outside of the substrate, fillsg the
porous portion of the gubstrate, and coats the inside cf the
substrate during the step of applying.

[0003a] According to another aspect of the present
invention, there is provided a method of coating a porous
substrate with a thermoplastic material comprising the steps of:
connecting a first porous gubstrate to a rotator, wherein the
substrate is a pipe or a screen, and wherein the substrate is
part of a sand control assembly; rotating the subgtrate about an
axis of the substrate; pumping the material in a liguefied state
from a receptacle t£to an application head; and applying the
material in a ligquefied state onto the substrate, wherein the
step of applving is perfcormed from the ocuteide of the substrate,
and wherein the inside of the substrate is fully or partially

coated with the material during the step of applying.
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Brief Description of the Figures

[0004] The features and advantages of certain
embodiments will be more readily appreciated whan considered in
conjunction with the accompanying figures. The figures are not
to be construed as limiting any of the preferred embodiments.

{0005] Fig. 1 1s a disgram of an apparatus,
according to certain embodiments, for coating a first porous
substrate with a thermoplastic material.

[0006] Fig. 2 is @ diagram of some of the
components of the apparatus according to other embodiments.

[0007] Fig. 3 1s a cross-sectional view of & first
and second porous substrate and an application head according to
an embodiment.

[oco8] Fig. 4 is a plan view of Fig. 3 taken along

line 4.

Detailed Description

[0009] As used herein, the words “comprise,”
“have,” “include,” and all grammatical variations therscf are
gach intended to have an open, non-limiting meaning that does
not exclude additional slements or steps.

[00101 It should be understood that, as used
herein, “first,” “second,” “third,” etc., are arbitrarily
assigned and are merely intended to differentiate bhetween two or
more porous substrates, helding devices, etc., as the case may
be, and dees not indicate any particular orientation or
sequence. Furthermore, it is to be understood that the mere use
of the term “first” does not reguire that there be any “second,”
and the mere use of the fTerm “sescond” deoes not reguire that

there be any “third,” etc.
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[00111] As used herein, a “fluid” 1s a substance
having a gontinuous phase that fends to fliow and to conform to
the cutline of its contalner when the substance 1s tested at a
temperature of 71 °F (22 °C) and a pressure of one atmosphere
"atm™ (0.1 megapascals "MPa'}., A fluid can be a liguild or gas.

(0012} 011 and gas hydrocarbons are naturally
oceurring in some subterransan formations. A subterranean
formation containing cil or gas 1s sometimes referred to as a
reservolir. A reservolr may be located under land or off shore.
Reservolrs are typically located in the range of a few hundred
feet (shallow reservoirs) to a few tens of thousands of feet
fultra-deep reservoirs). In order to produce oll or gas, a
wellbore is drilled into a veservoir orx adjacent to a reservolr,

{00131 A well can include, without limitation, an
0ll, gas, water, or injection well. A well used fo produce oil
or gas 1s generally referred to as a production well., As used
herein, a “well” includes at least cne wellbore. & wellbore can
include vertical, angled, and horizontal porticons, and 1t can be
straight, curved, or branched. As used herein, the term
“wellbore” includes any cased, and any uncased, open-hole
portion of the wellbore. A near-wellbore region is the
subterranean material and rock of the subterranean formation
surrounding the wellbore. BAs used herein, a “well” alsc
includes the near-wellbore region. The near-wellbore ryegion 1s
generally considered to be the region within about 100 feet of
the wellbore. As used herein, “into a well” means and includes
into any portion of the well, including into the wellbore or
into the near-wellbore region via the wellbore.

[0014] A portion ¢f a wellbore may be an open hole
or cased hole. In an open-hole wellbore portion, a tubing
string can be placed into the wellbore. The tubing string

allows fluids to be introduced into or flowed from a remoie
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portion of the wellbore. In a cased~hole wellibore portion, a
casing 1s placed into the wellbore which can alsc contain a
tubing string. A wellbore can contain an annulus., Examples of
an annulus include, but are net limited to: the space between
the wall of the wellbore and the cutside of & tubing string in
an open-hole wellbore; the space between the wall of the
wellbore and the outside of a casing in a cased-hole wellbore;
and the space between the inside of a casing and the outside of
a tubing string in a cased-hole wellbhore.

{00151 In unconsclidated or loosely consolidated
subterranean formations (known as soft formations), fines, such
as sediment and sand, can enter the tubing string during the
production of oil or gas. When this occurs, several problems
can arise, for ezample, erosicn of production egulipment, well
plugging, decreased production of oil or gas, or production of
the fines along with the coil or gas.

[0016] Sand control is often used in soft
formations. Ezamples of sand control technigues include, but
are not limited to, depositing a filtercake in a portion of the
soft fermation, using slotted liners and/or screens, and gravel
packing.

[0017] In filtercake deposition, a fluid {(such as a
slurry), that commonly includes calcium carbonate and polymers,
iz introduced into the wellbore. The fluid flows into a desired
portion of the subterranean formation. The ingredients in the
fluid can form a permesble network, known as the filtercake,
which kinds fines, such as sand, together. After the filtercake
has formed, o©il or gas canh be produced through the
interconnected pores in the filtercake, but most of the fines
will remain bound to the filtercake and not be produced along

with the 0il or gas.
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[0018] It is often desirable tc remove at least a
portion of a filtercake at some stage in the production process,
One common techrnique for removing a filtercake 1s te perform an
acid wash. 1In an acid wash, a wash pipe is inseried into the
wellbore., An acid is then flowed Zhrough the wash pipe and into
the desired portion of the formation. The acid can come in
contact with the filtercake. The acid can chemically react with
some of the ingredients in the filtercake, causing those
ingredients to sclubilize, and thus causing the filtercake to be
removed from the subterranean formaticn.

(o019} Another sand control technigue is using
slotted liners and/or screens. A slotied liner can be a
perforated pipe, such as a blank plpe. & screen usually
contains holes that are smaller than the perfcorations in a
slotted liner. The liner and/cr screen can cause bridging of
the finss against the liner or scresn as oil or gas is being
produced. Gravel packing is often performed in conjunction with
the use of slotted liners and screens. Gravel is proppant
having a particle~size class above sand, which is defined as
having & largest dimensicon ranging from greater than 2
millimeters (mm) up to 64 mm, Gravel 1s commonly placed in a
portion of an annulus between the wall of the wellbore and the
outside of the screen., The gravel helps to Lrap fines from
entering the production equipment or plugging the porous
porticns of the liner or screen.

[06020] Some of the problems associated with using a
screen include, premature plugging of the holes in the screen
and corrosicon of the screen via contact with corrosive fluids in
the well. 1In order to help protect a screen, the scresen can be
coated with a variety of materials. A thermoplastic material
can be used to coat a porous substrate, such as a perforated

pipe or & screen., As used herein, the term “"thermoplastic"
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means a material that becomes liquid when heated, freerzes to a
solid, glassy substance when cooled sufficiently, and is capable
of being remelted and remoulded. A thermoplastic material
includes both crvstalline regions and amorphous reglcons. The
crystalline regions contribute to the material's strength and
rigidity properties, while the amorphous regions contribute
elastic properties. A thermoplastic material is elastic and
flexible above the glass transition temperature that is specilfic
for esach type of material. The glass transition temperature is
normally the midpoint in a temperature range for that material,
which is in contrasi to the melting point of a pure crystalline
substance, such as water.

(00211 Because it is commeon for a section of a
perforated pilpe and a screen to be at least 30 feet long, it 1is
difficult to coat the entire section of pipse or screen using a
thermoplastic material. It is impossible, or difficult at best,
to use prior coating methods to coat an entire section cf pipe
or screen in one application when the coating is a thermoplastic
material. A novel method of ceating a porous substrate with a
thermoplastic material comprises application of the material
from the ocutside of the porous substrate (i.e., from the outer
diameter or outer perimster of the porcus substrate).

(0022} A method of ceoating a first porous substrate
with a thermoplastic material comprises the steps of: rotating
the substrate about an axis of the substrate; and applying the
material in a liguefied state onto the substrate, wherein the
step of applving is performed from the cutside of the substrate.
in ancother embodiment, a method of coating a porous substrate
with a thermeoplastic material comprises the steps of: connecting
a first porous substrate To a rotator; rotating the substrate
about an axis of the substrate; pumping the material in a

liguefied state from a receptacle to an application head; and
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applyving the material in a liquefisd state onio the substrate,
wherein the step of applying is performed from the outside of
the substrate. Some of the advantages of the coated substrate
include: the material coated on the substrate can help prevent
premature plugging of tThe subsTrais due to fines migration; the
material coated on the subsitrate can provide a chemical means by
which to help dissclve at least a portion of a filtercake; and
the coated substrate can provide a non-porous media. As used
herein, the term "substrate" means an cobiect having at lesast one
surface to which a substance (2.g., a thermoplastic material)
adheres. As used herein, the ferm "porous” means openings, such
as heles or perforaticns, in a substrate that allow fluid o
flow through.

[0023] Turning to the Flgures, Fig. 1 is =
schematic of the apparatus 10 according fo an embodiment for
coating a porous substrate., Fig. 2 1s a schematic of the
apparatus 10 according to certain embodiments for coating the
porous substrate. The method includes coating at iesast a first
porous substrate with a thermoplastic material. The material is
capable of being heated to a liguid state. The material is
capable of being cooled to a sclid state. The material is
capable of being reheated from a solid state into a liguid
state. According to an embodiment, the material is capable of
removing at least a portion of a filtercake. For szanple, the
material can remove the filtercake by dissolving some of the
ingredients of the filtercakse. Accordingly, the material can
remove at least a portion of a filtercake by chemically reacting
with at least some of the ingredients in the filtercake, thus
causing those ingredients to solubilize. Preferably, the
material is an acid. By way of example, if the material is an
acid and is contacted with water, Then some of tThe compounds in

the material can dissociate and fres up hyvdrogen iconsz. These
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hydrogen icns can tThen chemically react with at lesast some of
the ingredients (e.g., calcium carbonate) in the filtercake,
thus causing those ingredients to sclubilize. According to an
embodiment, the material is selected from the group consisting
of polylactic acid, polyglvcolic acid, and combinations thereof.

[0024] The method includes ceating at lesst a first
porous substrate. The method can further include coating a
second porous subsirate. The porous substrate can be any Type
of substrate that is capable of being geated with a
thermoplastic material. It is To ke understcod that any
reference to "the substrate" is meant to include a first
substrate {singular), a seccnd substraete (singular), or a first
and second or more substrates {plural) without the need to
continually refer to the substrate in both, the singular and
piural forms.

[0025} The substrate 401/402 is preferably hollow.
In one embodiment, the substrate is tubular in shape. If the
substrate is tubular in shape, then the substrate will have an
outer diameter (£.D.}) and an inner diameter {(1.D.). According
to another embodiment, the substrate is non-tubular in shape.
Examples of non-tubular shapes include, but are not limited to,
a sguare, a rectangle, and a triangle. If the substrate is non-
tubular in shape, tThen the substrate will have an outer
perimeter and an inner perimeter. An example of a first
substrate 401 includes, but is not limited teo, & scresn. As
depicted in Fig. 3, the first porous substrate 401 is a wire-
wrap screen. An example of a second substrate 402 includes, but
is not limited to, 2 pipe. The pipe can be pericorated {causing
the pipe to be porous) and the screen can contain holes {(causing
the screen to be porous). According to another embodiment, and
as depicted in Figs. 3 and 4, the second substrate 402 is

positioned inside the first substrate 401, For example, the
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pipe can be positioned inside the screen. According to another
embodiment, the second porous substrate can be attached to the
first porous substrate. For example, and as depicted in Fig. 3,
the second porous substrate 4062 (e.g., a plpe) can be attached
at its 0.D. tc the I.D. of the first porous substrate 401 (e.g.,
a screen). There can alsc be a space between the second porous
substrate 402 and the first porous substrate 401, as depicted in
Fig. 4.

0026} The method can further include the step of
connecting the substrate 401/402 to a rotator 501. The rotatoer
501 can be connected to a first holding device 500. The
apparatus 10 can further include a second holding device 500.
Preferably, the substrate 401/402 is connected at one end to the
rotator 501, which is connected to the first holding device BOUO
and connected at the other end to the second holding device 500.
Acgording to another embodiment, the second holding device 500
further includes a rotator 501. In an embodiment, the
rotator({s) 501 is capable of rotating the substrate.

Preferably, the substrate 401/402 iz capable of free rotation
about its axis. For example, the substrate 401/402 can be
connected to the rotator(s) 501 and/or the second holding device
500 such that neither the rotator nor the holding device impedes
rotation of the substrate.

100277 The method includes the step of retating the
substrate 401/402 about an axis of the substrate 401/402., The
substrate can be rotated at a desired frequency. For example,
the rotator 501 can be set Lo rotate at the desired Ifregquency,
such as a desired revelutions per minute (rpm's). The desired
freguency can be selected based on a desired weight of ths
material to be coated on a given length of the substrate. For
example, the desired fregquency can be selected based on how many

pounds of the material is f£o be coated on each foot cof the
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substrate 401/402 (1lh/ft). The desired welght per length can
VAry.

[0028] The material can he held or stored in a
receptacle 100. At room temperatures, the material is
preferably in a solid state 101. The receptacie 100 can further
comprise a receptacle heating element 103. The methoed can
further include the step of heating at least a portion of the
material in the receptacls 100 Lo a liguefied state 102. The
receptacle heating element 103 is depicted in Fig. 1 as beling
positioned towards the top of the receptacle 100 and on top of
the materizal; however, the element 103 can also be positioned at
a location other than towards the top ¢f the receptacle. For
example, the element 103 can alsc be positioned at the bottom or
towards the bottom of the receptacle 100. According to an
embodiment, at least a portion of the material contained in the
receptacle 100 is heated via the receptacle heating element 103.
Preferably, the at least a portion of the material 1s heated to
at least a temperature such that the material becomes a liguid
162.

[00291] The method can alsc include the step of
pumping the thermoplastic material in a liguefied state 102 IZrom
the receptacle 100 to an application head 302, The step of
pumping can occur after the step of heating at least a portion
of the material in the receptacle 100 to a liguaefied state 102.
The apparatus 10 can comprise a pump 104. The pump 104 can be
located adiacent to the receptacle heating element 103.
Preferably, the pump 104 comprises a pump heating element (not
shown). If the receptacle heating element 103 is located at a
position other than at the top of the material (such as at the
bottom of the receptacle 100), then the apparatus 100 can
further include a pump tubing (not shown}). The pump tubing can

be positioned inside the receptacle. BAccordingly, one end of
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the pump tubing can contact the liquefied material 102 contalned
in the receptacle 100 and the other end of the pump tubing can
be connected to the pump 104. The methed can further incliude
the step of activating the pump 104 to pump the material in a
liguefied state 102 from The recepfacle 100 to the application
head 302. According to an embodiment, when the pump is
activated, the liguefied material 102 will travel through the
pump tubing towards the pump.

00307 The apparatus 10 can further include a feesd
tube 200. The feed tube 200 can be connected at one end to the
pump 104 and connscted at the other end to the application head
302. In this manner, the pump 104 can cause The liguefied
material to move from the receptacle 100, tThrcough the feed tube
200, and into the application hesad 302. According to an
empodiment, The pump has a variable flow rate. For example, the
pump 104 can be used to control the flow rate of the material in
a ligquefied state 102 from the receptacie 100 to the application
head 302. Preferably, the feed tube 200 is heated. By heating
the feed tube 200, the material can be maintained in a licuefied
state. The feed tube 200 is preferably heated to at least a
minimum temperature such that the materisl is maintained in a
liquefied state 102.

[0031] According to certain embodiments, the
material is pumped into the aprlication head 302, Preferably,
the appliceation head 302 furthery comprises an application head
heating element {not shown). In this manner, the materisl can
be maintained in a ligquefied state. The tempsrature of the
application head heating eslement 1s preferably variable. The
temperature of the application head heating slement can be set
To a desired temperature. In a preferred embodimant, the
desired temperature is at least a minimum temperature such that

the material is maintained in a liguefied state.

11



WO 2612/699746 PCT/US2012/020788

[0032] According to an emboediment, the application
head 302 is positioned relative to the outside of at least a
portion of the substrate 401/402. Tn a preferred embodiment,
the application hsad 302 completely surrounds the outside of at
least a portion of the substrate 401/402 (shown in Figs. 1 and
3). The application head 3062 can further comprise a seal 305
{shown in Figs. 3 and 4). The seal 305 can contact the 0.D. of
the first substrate 401. 1In this manner, the seal 305 can help
apply the material conto the substrate 401/402.

[0033] The method includes the step of applving The
material in a liquefied state onte the substrate, wherein the
step of applying is periormed from the outside of the substirate.
Examples of applving include, but are not limited to, spraving
Lhe material onto the substrate, flowing the material onto the
substrate, and injecting the material into the substrate., It
should be understood that the step of applving can be performed
in a varlety of wavs such that the material is maintained in a
ligquefied state 102 and can be applied from the outside of the
substrate onto and/or into the substrate, and the preceding
examples are not to be construed as the only wayvs of achieving
such a result. When there 1s only a first porous substrate 401,
the step of applving can comprise applying the liguefied
material onto the C.o. of the first subsitrate through the porous
portion of the first substrate and into the I.D. of the first
substrate. When there ls a first and second porous substrate
401 and 402, the step of applving can comprise applying the
liguefied material onto the C.D. of the first substrate 401,
through the porcus portion of the first substrate, through the
I.D. of the first substrate, and then onto the ¢.D. of the |
seccnd substrate 402, through the porous portion of the second
substrate, and into the I.D. ¢f the second substrate. The step

of applying can comprilise injecting the material onto the 0.D.
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and intc the porous portions and the I.D. The step of applving
can comprisse forcing the material onto the $.D. and into the
porous porticns and the I1.D. Preferably, The material is
capable of adhering to a surface of the substrate 401/402,
According to an embodiment, the material coats the 0.D., and the
I.D. of the substrate 401/402. According to this embodiment, it
is preferred that the material fills the porous portions of the
sukstrate. The material in & liguefied state, can coat the
outside of the substrate, f£ill thé porous portions of the
substrate, and coat the inside of the substrate.

[0034] The method can further include the step of
causing the applicaticon head 302 to fravel axially along the
length of the substrate 401/402, The apparatus 10 can also
include a drive motor 301. The drive motor 301 can be connected
in any manner that allows for movement of the application head
302, By way of example, the drive motor 301 can be connected
directly to the application hesad 302, By way of another
example, and as depicted in Fig. 2, the drive mctor 301 can be
connected to an application head platform 303, In this
embodiment, the application head 302 can alsc bhe connected to
the platform 303, The apparatus 10 can alsc include a first
palr of gulde rails 502 and optionally, a second palr of gulde
rails 503. The rails can help guide and support the application
head 302 or the application head and the drive motor 302 and
301, Preferably, the platform 303 travels axially along the
length of the subsirate unimpeded. The platform 303 can further
include a mobilizer, a pailr, or more than one palr of meobllizers
304. The mobllizer 304 can be any device that allows or assists
the platform 303, znd the application head 302, or the
application head and drive motor 302 and 301, to travel along
the guide rails 502/503. An example of a mobilizer includes,

but 1s not limited to, a wheel 304. Accoerding to certain
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embodiments, the drive motor 301 and the application head 302
travel axially along the length of the substrate. Acceording to
other embodiments, the drive motor 301, the application head
302, and the platform 303 travel axially along the length of the
substrate,

[Q035] The distance that the application head 302
(and any other components) travels axially along the substrate
401/402 can be contreolled. According to an embodiment, the
application head 302 (and any other components) travels axially
along the length of the substrate 4017402 for a desired
distance. Preferably, the length of the feed tfube 200 is such
that it zllows the application head 302 {and any other
compeonents) to travel axially along the length of the substrate
401/402 for the desired distance. In one embodiment, the
desired distance 1s at least 80% of the total length of the
substrate 401/402. According to another embodiment, the desired
distance is the entire length of the substrate 401/402.

[0036] The step of applving can further include
coating the substrate 401/402 with a desired gquantity of the
material per a glven length of the substrate. TFor example, the
substrate can be coated with a desired pounds of material per
foot of substrate {(lbs/ft). Ones of the advantages of the
material is that it can be used to help remove a perticon of
filtercake. When the material is to be used for removing a
portion of a filtercake, then the desired gquantity of coated
material can be determined based on the concentration of certain
ingredients in the filtercake {(e.g., the concentration of
calcium carbonate). By way of example, the desired quantity can
ba determined based on the amount of available acid from the
material capable of digsolving at least a portion of a
filtercake containing a given concentraticon of calcium

carbonate. In order tLo achieve the desired quantity of coating,
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it may be necessary to applyv excess material in a liguefied
state 102 onto the substrate 401/402 because some of the
material being applied onto the substrate may not adhere to the
substrate. The desired quantity can be achleved by at least
regulating the flow rate of the fiuid out of the application
head or regulating the speed at which the application head
travels along the length of the substrate. The substrate
401/402 can be coated a sscond time to achieve the desired
quantity. There may be othar ways of achieving the desired
quantity, and the preceding examples ars not meant to be
construed as the only ways of achieving such a result.

(00371 The method includes the step of rotating the
substrate 4017402 about an axis of the substrate 401/402. The
substrate 401/402 can be rotated for a desired period of time.
Aceeording to an embodiment, the desired pericd of time is at
least how long it takes for the application head 302 to travel
the desired distance aleong the length of the subsitrate 401/402.
According te ancther embodiment, the desired period of time is
at least 10 minutes after the application head 302 has traveled
the desired distance along the length of the substrate 401/402.
According to vet another embodiment, the desired periocd of time
ig the time it takes for the material to become a solid on the
substrate after the step of applying. According to certain
embodiments, because the substrate 401/402 is being rotated at
least for the time that the material is being applied onto the
substrate 401/402, the material in a liguefied state is
inhibited from collecting or pooling on at least a portion of
the I.D. of the substrate 401/402., Referring to Fig. 3, without
the rotation of the substrate 401/402, the material in a
liguefied state 102, can collect or pool at the hottom of the
substrate 401/402. Moreover, by rotating the substrate 401/402

during the step of applying, the material can flow from the I.D.
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of the substrate back through the porous portions of the
substrate and onte the 0.D. ¢f the substrate, providing a betterx
coating on the substrate. The method can further comprise the
step of cooling the material or allowing the material to cool to
a solid state after the step of applyving.

[0038] The apparatus 10 can further include a
collector 600. The collector 600 can collect any excess
material that does not adhere toc the substrate 401/402.

[0039] The coated substrate can be used for a
variety of applicaticns. One example of such an application is
the ©il and gas industry. In an embodiment, the method can
further include the step of placing the cocated substrate 401/402
in at least a porticn of a subterranean formation after The step
of applying. If the method includes the step of cooling or
allowing to cool, then the step of placing can cccur after the
step of cooling or allowing to c¢ool. According To this
emboediment, the method can also include the step of contacting
the substrate 401/402 with a liguid, such as water, fTo cause at
lzast a portion of the materizl Lo remove zat least a portion of
a filtercake. |

[0040] In some applications, 1t would be desirabkle
to remove the material cor allow the material to be removed from
the substrate 401/402 after a certain length of time. For
example, in The case where the coated substrates include a
perforated pipe and a screen, and The substrates are used in a
wellbore, it may be desirable to remove the material or allow
the material to be removed from the subsirates after a desired
pericd of time (such as for productiicn of oil or gas from the
subterranean formation). Preferably, the material is capable of
being removed from the substrate at a predetermined lsngth of
time. Examples of removing or allowing the material to be

removed include, but are not limited to: allowing the ceated
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material to come in contact with at least a minimum temperature
high enough to heat the material to a ligqueiied state;
contacting the material with a heal socurce (e.g., a heated
liguid or a heated gas) such that the material becomes a liguid;
allowing the material to come in contact with a compound that at
least partially solubilizes the material; and contacting the
material with a compound that at leasi partially solubilizes the
material.

foc4l1] Therefcore, the present invention is well
adapted to attain the ends and advantages mentioned as well as
those that are inherent therein. The particular embodimentis
disclosed above are illustrative only, as the present invention
may be modifled and practiced in different but egulvalent
manners apparent to those skilled in the art having the benefit
of the teachings herein. Furthermore, no limitaticns are
intended to the details of construction or design herein shown,
other than as described in the claims below. It is, therefors,
evident that the particular illustrative embodiments disclosed
above mav be altered or modified and all such variaticns are
considered within the scope and spirit of the present invention.
While compositions and methods are described in terms of
“ecomprising,” “containing,” or “including” various components or
steps, the compositicns and methods alsc can “consist
essentially of” or “consist of” the various components and
steps. Whenever a numerical range with a lower limift and an
upper limit i1s disclosed, any number and any included range
falling within the range is specifically disclosed. In
particular, every range of values (of the form, “from about a to
about b,” cor, eguivalently, “from approximately & to bY)
disclosed herein is to be understood to set forth every number
and range encompassed within the breoader range of values. Also,

the Terms in the clalms have thelr plain, ordinary meaning
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uniess otherwise explicitly and ¢learly defined by the pateniee.

" r n i

Moreover, the indefinite articles “a” or “an as used in the
claims, are defined herein to mean one or more than one of the
element that it inftroduces. If there iz any conflict in the
usages 0f a word or term in this specification and one or more
watent {s) or cther documents thal may ke lncorporated harein by
reference, the definitions that are consistent with this

specification should be adopted,
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WHAT T8 CLAIMED 183

1. A methed of coating a first porous substrate with a

thermoplastic material comprising the steps of:

rotating the substrate about an axis of the substrate,

wherein the substrate is a pipe oxr a screen, and wherein

the substrate is part of a sand control assembly; and

applying the material in a ligquefied state onto the

substrate, wherein the step of applying is performed from

the outside of the substrate,

wherein the step of applying comprises applying the

liguefied material from the outer diameter of the

substrate through the porous portion cof the substrate and

into the inner diameter of the subsgtrate.

2. The method according to Claim 1, wherein

the material is

selected from the group consisting of peolylactic acid,

polyglycolic acid, and combinations thereof.

3. The method according to Claim 1, further

‘coating a second porous substrate.

4. The method according to Cilaim 3, wherein

gsubstrate and the second substrate are hollow.

5. The method according to Claim 1, further

step of connecting the substrate to a rotator.

6. The method according to Claim 1, wherein

rotated at a desired frequency.

7. The method according to Claim 1, further

applicaticn head.

8. The methcd according to Claim 7, wherein

comprising

the first

comprising the

the substrate is

comprising an

the application

head further comprises an application head heating element.
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9. The method according to Claim 7, wherein the application
head is positioned relative to the outside of at least a

portion of the substrate.

10. The method according to Claim 9, wherein the application
head completely surrounds the outside of at least a portion of

the substrate.

11. The method according to Claim 7, further comprising the
step of pumping the material in a liquefied state from a

receptacle to the application head.

12, The method according to Claim 11, wherein the receptacle

further comprises a receptacle heating element.

13. The method according to Claim 7, further comprising the
step of causing the application head to travel axially along

the length of the substrate during the step of applying.

14. The method according to Claim 13, wherein the application
head travels axially along the length of the substrate for a

desired distance.

15. 2 method of coating a first poroug substrate with a
thermoplastic material comprising the steps of:
rotating the substrate about an axis of the substrate,
wherein the substrate is a pipe or a screen, and wherein
the substrate is a part of a sand control assembly; and
applying the material in a liguefied state onto the
substrate, wherein the step of applying is performed from
the ocuteide of the substrate,
wherein the material coats the outside of the substrate,
fills the porous portion of the substrate, and coats the

ingide of the substrate during the step of applying.
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16. The method according to Claim 15, wherein the step of
applyving further comprises coating the substrate with a
desired quantity of the material per a given length of the

substrate.

17. The method according to Claim 1, wherein the substrate ig

rotated for a desired period of time.
i8. The method according to Claim 17, wherein the desired

period of time is the time it takes for the material to become

a solid on the substrate,
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19.

A method of coating a porous substrate with a

thermoplastic material comprising the steps of:

20.

connecting a first porous substrate to a rotator, wherein
the substrate is a pipe or a screen, and wherein the
substrate is part of a sand control assembly;

rotating the substrate about an axis of the subsgtrate;
pumping the material in a liguefied state from a
receptacle Lo an application head; and

applying the material in a liquefied state onto the
substrate, wherein the step of applying is performed from
the cutside of the substrate, and wherein the inside of
the substrate is fully or partially coated with the

material during the step of applying.

The method according to c¢laim 19, wherein the substrate

has an cuter diameter and an inner diameter.
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